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{54} METHOD OF PROCESSING SUBSTRATE AND SUBSTRATE PROCESSING APPARATUS 



LLi 



(57) A substrats pn i es ;ing apparatus 10 including 
a vapor generating unft37 1 which generates a mixed gas 
consisting cf an organic solvent vapor and an inert gas 
by bubbling the inert gas in the organic solvent; support 
means for supporting a plurality of substrates to be ver- 
tically arranged in parallel at equal pitches; a processing 
vessel 15 which da multiple substrates sue. 

ported by the support means: a lid 30 for covering the 
upi et oi en •)<! o f the j e nobles 33 

provided in the iid 30; and first piping 37,j,, 34->, 34g 1s 
and 34 which t t r un and the 

jet nozzles to communicate wrth each other, in the sub- 
strate prc-e 1 . ong and the 
jet nozzles are respects d vrth heaters, and 
the heaters are c , - cas containing 
organic solvent mists of subrnicron size being emitted 
fron the jet rov 3 e emion, Since 
micro-size organic solvent vapor is used, the substrate 
processing method and apparatus of the invention en- 
sures not only high-quality surface pr'x:essirig but also 
the reduction cf processing time 
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Description 

TECHNICAL FIELD 

•> [00011 The present invc to ut : 1 t atusdi igned 

to perform drying processing on substrate su-sces such ae s t > afer quid cry r 1 ' 1 

ubstrale, a r i mdam k substrate most efficiently ndv 1 

BACKGROUND ART 

[0002] In the proce ■ I ■ • 3 the surface of various substrates, for example, a se einafft 
referred to as wafer}, is cleaned by applying chemicals to the surface thereof, and then rinsed with a processing solution 
such as pure water, and thereafter dried with an organic solvent such as iscpropyl alcohol (hereinafter referred to as 
IPA). More specifically, the processing includes a process, in which, after it has been cleansed with chemicals and pure 

ts water, the wafer is exposed to IPA vapor to condense IPA on the wafer surface to substitute the fPA adhering io the 
w or witfi pure wah andcer t s are washed ou 1*1 1 w ) t -a r f j t md a drying 

process by which IPA Is vaporized io dry the wafer surface. In the drying process, even the smallest water droplet 
remaining on the wafer surface can form a water mark 00 the wafer surface, thereby adversely affecting tne Quality of 
the wafer. Therefore, in the semiconductor production process, it « necessary to ens jr.. the' > Its io not adhere 

so to the wafer. Various methods and apparatuses for processing substrate surfaces of wafers and the tike, Including 
i ^ 1 withe nti 1 t << i p * , j and such method 3 ppemtus f 

processing the substrate have been disclosed in several patent documents, including: Japanese Lald-Open Patent No. 
2001 -27H88 (see Fig. 1 and left column of page 5 to left column of page 6) and Japanese Laid-Open Patent No. 
H11-191549 (see claims, paragraph No. C018to paragraph [0G24j, and Fig. 1). 

as [0003] Hereafter, the substrate processing apparatus jicl s apanc I I- Open ?a No 2uni 271188 will 
be described with reference to Figs, 1 0 and 1 1 , Fig. 10 isa sectional view of the substrate p ens described 

in Japanese Laid-Open Patent No, 2001 -271 188, A substrate processing apparatus 1 c sin j vessel 

2, a processing solution intra: d » . .par generation un ■ , n unit 5, and heated- 

solvent supply devices 6 and 6', The processing vessel 2 houses the substrates (for example, wafer) to be processed, 
Theprece s 1 1 < - -o-ocessing solution (for example, pure water) into the processing 

vessel 2. The vapor generation unit 4 houses the organic solvent solution (for example, IPA). The processing solution 
drain unit 5 drains the processing solution from the processing vessel 2. The heated-solvent supply devices 6 and 8' 
supply the heated organic solvent into the vapor generation unit 4, The plural substrates are conveyed Into the processing 
vessel wnilever ; it aralie it equal inters ori subs-rate surface pr essing is performed 

35 [0004] In the sub; j stus 1. the surf act o sing f nous substrates, e.g a semfconductot 

wafer W (hereinafter referred to as wafer W) is performed In accordance with the following processes. 

1 ) Wafer Conveying Process 

«o [0005] A lid 2 1 of the processing vessel 2 for keeping pure water J in a standby state in the processing apparatus 1 
is opened, and the plural wafers W are conveyed to an inner vessel 2, of the processing vessel 2, and thrown and dipped 
into the pure water J, and the ltd 2, is closed. Then, an inert gas such as a nitrogen gas is supplied from an inert gas 
supply pipe 8, into the processing vessel 2, to replace air in the processing vessel 2, 

*s 2) Drying Process 

[0008] Tne * va hed or rinsed bubbling nitroget lied rat r unit 

4 tc generate vapor of an organic solvent solution, e.g.. IPA. and trie vapor generated is conveyed from the vapor 
discharge port 4, to the proc- s t vess a id the space above the pure wat 11 te vapor. 

so [0007] Then, the on-off valve of an inner-vessel drain pipe 5, is opened to drain the pure water J in the inner vessel 
">ctl >y hi! throng „ a f a 

W from tne if 1 ^ jr ace of the pure water J. 

it Oft Visex to 

f i ass 1 face of wafer W. At a -a the pure water j of the 

ss processing vessel 2 is substantially set at room temperature, the temperature of the wafer W nearly reaches room 
temperature also r erefore, by coning nto contact with the wafer W, the IPA vapor is raj idly cc ec «nd condenses 
on the surf a - - face. The condensed t PA reduces s water and 

acts to replace the pure water that has adhered to the wafer W. After the pure water J is co p • . tined, inert gas 
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i - gss'sng vessei 2 1 1 as supply pi / the s sf the wafer W by 

causing the IPA to evaporate. 

3) Wafer Taking Out Process 

[0009] ~hen after the pure - ie is <_c - - * s 1 

out the wafer Wff ; !* c Hti2 v 

[0010] in . 1 r. paratus 1, since the series a; pt termed in one cioseel processing 

i uS{\~$ r & ard the adhesion oft h as foreign 

particles and water marks as well to the wafer surface can be avoided while ensuring efficient processing thereof. 
[0011] However i ne necessary to insert into t e i xssssedby 

mis kind of substrate processing apparatus in large numbers as may be possible in oraerto increase processing efficiency. 
In some cases, the wafers are simultaneously processed In the processing vessel m lot units ranging from 50 to iQQ 
wafers, so that the space between wafers tends to become smaller In addition, the diameter of waters has increased 
from 200 mm « ihiti n. A , 1 tion of wa er rt arks m be 1 essed i v afers 

imeler, such as 200 mm i 5, such rot tf s tor wah > t i g a ) f. u c- < > f ;s jr j j > 0 r i The 
processing efficiency of the conventions! apparatus is sberefore limited 

[0012] By examining water marks formed from various angles, the inventors discovered that since the IPA vapor in 
dry gas is obtained by bubbling the inert gas in IPA, it contains a large amount of liquid particles of micro IPA (hereinafter 
referred to as "mist") other than SPA gas with lower saturation concentrator and the size and mass of the mist is larger 
than those of nitrogen gas. Therefore, the IPA mist hardiy passes through the or ow gaps between* A >gij 

when the diameter of ttte wafer bec^ ne "01 i t rfo med because the IPA mist 

is hardly supplied to the wafer surface which is far from a supply port of the IPA mist. In other wards, in oases Involving 
the same total amount of IPA contained in the tin,/ gas, the number of mists decreases as the size of the IPA mist 
increases. Conversely, the number of mists increases as the size of the ' tses Furth i vhei tit PA mist 

is large in size, th< - eoy diminishing its moving speed. Therefore, in \ iesertbed in 

section (2) above, even if dry gas is supplied between the plural wafers in the processing vessel, there is an imbalance 
between the number of water droplets >f tl h rfaceandthe numb< of >A m:st 

particles. For example, when the number of !PA mist particles Is smaller than the number of water droplets, IPA Is not 
substituted for some of the water droplets which therefore remain, resulting in the generation of water marks. 
[0013J in addition, since it is enormous in size and heavy, the IPA mfst ardfypas > . rrov p t 
wafers. Therefore, in wafers having a diameter as iarge as 300 mm, almost all the IPA mists adhere to the wafer surface 
near the supply port of the IPA mist before the IPA mists reach the wafer surface which is relatively farther from the 
supply port. Accord;) j 8 ed from -ha supply \ the i in rr M C A nists supplied 

becomes smaller, and there is no even supply of IPA mists. The number of IPA mists supplied to the wafer surface near 
he supply port of the IPA mist is more than required while the number of IPA mists supplied to the wafer surface distantly 
xated from the supply port is insufficient, resulting in ;ne situation where tPA is not sufficiently substituted for she rinsing 

t thereby 

resulting in the g - e I >f» *sr marks. 

[0014] T'n st uted for water droplets wiii be described with reference to Fig. t 1 . Fig, 1 1 is a 

, s nowing the relationship between the iPA mist 
(hereinafter referred to as DtW) adhering onto the wafer VV In the drying process, in the drying prot - £ tx 
section (2} above, as shown In Fig. 11(a), a mixture of a nitrogen gas n s and the iPA vapor containing iaage-size IPA 
mist (liquid jpplsed ir p ; J ng vessel, for application to the spaces between wafers W. As shown in Fig. 11 
ih - J A vapc r is nte ided v c replace O W 'he n m eg spot- d is slow due to th i ► J A t -is 

and because many wafers (SO t 1 - t m i d s i * f s q i C ( rm a nultanec j 

•ocessmg vessel, the number of IP A mists is likewise limited, and mus there are occasions when the IPA mist does 
>ach all the DIWs. Thus, the IPA mist adheres to that portion of the wafer surface near the dry gas supply port 
a it reaches that portion of the wafer surface which Is farther from the dr t g t , * J no IPA mist is 
ied to the wafer surface distantly located from the dry gas suppiy port,. Accordingly, as shown in Fig. 1 1 (c), DIW 
ns on the wafer surface, which results in the generation of water marks. 
10015] Inthesubstr et essi } appar s I <- ipanes aid-Open P tet No Hi 1-191549, the organic 
s ^ aled and evaporated to gen« of organic: solvent va >n vess 

without bubbling the inert gas in the organic solvent, and then the mixed gas is heated and kept constant while it is 
diluted with another m rt'0 bom a piping, and the mixed gas is then emitted through a jet nozzle, in the 

above-mentioned substrate processing apparatus, the organic solvent vapor origins emitted f t iand 

c e'\ >n tn< mixed gas to be used. In such event, because the size of the gaseous organic 
solvent molecule is much smaller than that of the mist, the problem related to the generation of water marks due to the 
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use of the organ mis ic sot arise 

0016] However, i strat * - 1 whk et v 

comes the mixed gas, because theconcentrafion trf organic solvent vapor in the d-v e> a - 

point, the absolute amount of orgs n the drygas Is rather an thesp th< j rears ie solvent 

5 vapor to every corner of the large subs-rate to replace the moisture ot To a I ' i 
and therefore the .ut tr or sing apparo 4 c i -.n dapar d-C Pat tt No H 4 4 91 549 does not 

! wate^- marks formed on the substrate surface 

white tnereas g s speed of e i i 4 ' >< | xsessmg. 

[0017} Although the term "vapor" generally means "gas* in the technical field of subs - - "vapor" can 

also refer to a gas containing "micro liquid particles (mist)*, each as the dry gas previously referred to. Accordingly, both 
meanings snail apply when "vapor" is mentioned in the present description ana the claims, 

DISCLOSURE OF THE INVENTION 

[0018] As a result of various studies conducted by the inventors considering the sbovanentioned pnor references, 
the inventor;; discovered ? hat when the size of toe mist cons! Hating tne organic solvent vapor becomes extremely smaller, 
t t imi r Jr solvent mis ibicles car i sea without tt eed of it s i v i j he am i r t mi 
solvent to be consumed. Further, although the surface area of a particular mist diminishes, the whole surface area 
expressed by a summation of the mists can be increased by causing the number of mists to increase. When the organic 
a» solvent vapor in which the surface area of the entire numi s - - ii< He < subst ate surface, 

the organic v« - can cover ail water droplets adhering to the substrate, so that th e organic solvent can efficiently 
be substituted for the water droplets. 

[0019] The first object of the invention is to providn a u, • ing lethod i which not onty high-quality 

substrate surface processing is realized but in w ch proc< , i r also shortened by using dry gas cental una 
as micro-size organic solvent mist 

[0020] The second object of the invention is to provide a substrate processing method in which not only high-quality 
substrate surface processing is reaiizeci but in which the processing time ssfo-c J > > tire, the concentration of 
mlcro-sioe organic sotvent mist in the dry gas. 

[0021] Tne third object of the invention is to provide a substrate processing apparatus m which not only high-quality 
ao substrate surface processing is realized but in which the processing time is shortened by easily forming the dry gas 
containing micro-si2e organic solvent mis!. 

[0022] The fourth object of the invention is to provide a substrate processing apparatus in which not only high quality- 
substrate surface processing is realized but in which the processing time is shortened by adjusting the concentration of 
micro-size organic solvent mist tn the dry gas. 
35 [0023] In order to attain she above objects, the substrate processing me jhod according to claim 1 of the invention 
refers to a substrate processing method in which the surf c i pas containing 

a mixture of an organic solvent vapor and an inert gas, characterized in that the organic solvent vapor contains mists 
having submicron size. 

[0024] According to the substrate processing method described in claim 1, since size ol • contained in the 

organic solvent vapor is reduced to submicron size, the number yf pi - nt mist cancel ic eased 

without increasing the i iocs ,t o par m- j nt to be consutr I Further sill f ;c rea of omrdviiu- 

mist diminishes, the whole surface area which constitutes s summation of the so 4 ndis iual mists can 

be increased by causing the number of mists to increase. Therefore, since a large amount of mists of submicron size 
can be injected onto thesubstrateeufface.a large amount of organic solvent mist otsubmtcrxmstee is efficiently substituted 
for toe rtnsfcg solution adhering to the substrate. As a result, even it rr v eter are loaded 

in the processing vessel, the processing time can be shortened since the mis s size can tap dly cover the 

gaps between substrates, while the rare of efficiency of tne drying processing improves, and tne generation of water 
marks in the substrate surface can Pe largely avoideo or substantially eliminated. Further, since adhesion of particles 
is eliminated and the speeo of drying pro tides can oe prevented. 

so [0025] The subs i r cording t Ion 1 ta ] c n i r f.dP dit tl the dry gas is 

a mixture c n«t 4 - t 1 . -: o.- formed by bubo- tert gas in the - \entinavapor 

ig mil wherein he ter erature 'if f mi- is set at T t . the >e iperature f the mi* s 

1 i t ' i be vapor generating unit to a ;s no It in i title 

terverak re of th« - st nozzle is set at T 3 , and the temperatures are controlled such that the 

ss following relationship holds. T, < T 2 < T 3 . 

[0026] According to claim 2 of the invention, the substrate processing method described in Claim 1 is charactehzed 
in that t ie dry aet s ol 1 ed by fc bb ng the inert gas in the organic solvent and the mixed gas is formed out of the 
inert gas ino 'do.';- gar s n ent vapor containing the organic solvent mist and the organic sotvent gas whose 
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concentration is lower than saturalion point. The temperature of the inked gas is controlled or maintained at constant 
radu , t ■> i <ed gas is ejected from the jet nozzle. Therefore, the organic solvent is 
surface of the organic solvent mist as to s 
movement, and the dry gas it < Jlvarft mist of aubmicron s eg btalned 
s [0027] According to claim 3 of the invention, the substrate processing method described in cfeim 1 is characterized 
in that the m gas which is a mixture of e ~ ja 

an or j solvent in a parcener rig u rut and j In in 1 i I ea„ v lerei 

the temperature of the vapor generating unit is set at T,, the temperature of the mixed gas is set at T ; ; from the vapor 
generating unit until the mixed t with the dilution gas, the tempa it set at T 4 , the 

io tenpetatute of ft e <ed< 1 e inert gas ana the orgar v eta( * n >zzfe after the 

mixed gas is diiutedwiih the dilution gas. and the temperature of the cry gas ejected from me set nozzle is set at T.,. and 
the temperatures are controlled seen that the following relationship holds: T, a T.,' a T 4 :; V<T 3 , 
[0028] \ the substrate t , ~- ethoddes Urr emix« as ton. the vapergeneratir 

unit out of the Ine t > - per containing ga e th j m - solvent gas 

rs w cset >r antra >( is lower ha atura r i sfudhet fstutedwitl addhio ill of the as te kind of inert 

gas used in the Bubbling. The concentration of organic solvent vapor thereby decreases in the mixed gas while the 
y f condensation of the organic solvent it tin shes, and the fPA mis u t nveyed c ver the 
spaces between the wafers. Therefore, since temperature of the mixeo gas is controlled or maintained at constant 
temperature or gradually increased until the mixed gas is ejected from the jet nozzle, the efficiency and speed at which 

so a part of the organic solvent is vaporized from the surface of the organic solvent mist to taKe the form of micro mist are 
increased, and a large amount of dry gas containing the organic solvent st of ■ ze ca obtained white 
the concentration thereof is low, thereby allowing, a large quantity of the organic solvent mist of submicron size to be 
continuously injected to the bsfrt uri Axordingfy, even if 1 f large diameter .arc inf 

the processing vessel, since the mist of submicron ize can be rapidly aot i to the spa - - substrates, the 
continuous supply of large amounts of organic solvent vapor of submicron size ensures the rapid substitution of the 
rinsing solution adhering to the substrate. As a result, processing time can be i : arti m ' a c the level of efficiency of 
drying processing is improved, and acceleration of drying processing is achieved. Accordingly, processing time can be 

, of drying processing is improved, without in \ jthea 
to be consumed, and the generation of water marks on the substrate surface can be largely avoided or substantially 

so eliminated. Further, adhesion of the particles is eliminated white accelerating the drying processing, so that re-adhesion 
of particles can be prevented. 

[0029] According to claim 4 of the invention, the substrate processing method described In any one of claims 1 to 3 
is characterised In that the organic solvent is at least one kind selected from a group Including isopmpyl sice her diaeeiorie 
alcohol, t-meihoxy-2-prepanol, ethyl glycol, 1 -prepares 2-propanol, and telrahydrofuran. and the Inert gas is at least 
3$ one k i ! jgen argon, and helium. 

[0030] According to the substrate processing method described in claim 4, the selection width of the organic solvent 
and the inert gas is broadened, and the substrate pi 3Ce>s 
processing by any arbitrary combination, 

[0031] The subs r apparatus according to ciaim 5 of the invention relets to a substrate processing 

«0 apparatus vapor generating unit which generates a mixture of an organic solvent vapor and an inert gas 

by bubbling the inert gas In an organic solvent: support means for supporting a plurality of snbstrafes to be vertically 
arranged In parallel at equal pitches: a rinsing processing vessel which accommodates the plurality of substrates sup- 
ported b" ' t nozzles \ 
are provided i it id and firs >, owsthi por generating unit and the « n s to communicate with 
•*s each other, and the substrate processing apparatus is characterized in that me first piping and the jet nozzles are 
t p« ivelyequipp Jwith ea t and the t atei are coat d by n sr ff l J \ y t ic vet t 
ofsubmic i emitted from the jet nozzles, 

[0032] A t t 5, the dry gas including oivenl 

ofsubmic t i medbyco >llingt a i eaters which are provided 4 r t ns an ho 

so the substrate processing apparatus can easily cam/ out the suostrate processing method described in claim 1 . 

[0033] According e invent! t, the substrate •• haraclerized 

in the th j unit is set at he- ten er re 1 1 r h r r ping is set a! T ana die 

temperature of the iet nozzle Is set at "!'., the ternperaiures being controlled suet; thai the following relationship holds: 
T, < T K < T 3 . 

ss [0034] According to claim 7 of the invention, the substrate prccessir ppa« escribed i claim 5 is characterized 
in that a se > - nn. d to the middle portion of the first piping for the purpose of supplying dilution gas of 

'3 ure of the vapor generating unit is set at T- , the temperature of the first 
piping is set at T ? ' from the vapor generating unit to the point in which it is connected with the second piping, the 
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temperature of the second piping is set at T 4 . the temperature in the first piping is set at T,," from the point in which ; t is 

t <• - ivzc «i a "he vnperature in the jet nozzle is set at T a , and t te t-^-.-it 

are controlled sue* tnat th i c els - f hofds: T t uT 2 T 4 .< T 2 1 ' .< T 3 . 

[0035] rhe subs tt is substrate 

s processing method described in either of claims 2 or 3, 

[0036] According to claim 8 cftheinw 1 i J i claim ? is characterized 

in that a static < J nstream irom the point of connection betweer he first pipir | - f econd piping 

and upstream in respect of the jet nozzle. 

[0037] According to claim 8 cf the invention, the substrate process characterized 
in that the inert gas. the organic solvent mist, and the organic solvent gas are sufficiently mixed to obtain a homogeneous 
mixed gas since the static mixer is provided downstream from the point of conneefcon between the first piping ana the 
second piping and upstream in respect of the jet nozzle,. Therefore, the formation efficiency of the micro mist is improved. 
[0038} According to claim 9 of the invention, the substrate process - | s 

8 is characterized in thai the organic solvent is at least one kind selected from a group including isopropyl alcohol 
is dictcetm > v gfycoi, 1 -propane!, 2-propanoi, and tetrahydrofuran. and the inert gas 

)1 - ^ or \ i I ; ! 1 1 '• I > • i ,ri 

[0039] According to Mr lit pn i ) In < i w Jt Pit r i i Wf ni: 

and the inert gas is broadened, and the substrate processing apparatus can be applied to various Ninas of substrate 
processing by any arbitrary combination. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

as Fig. f is a sectional view snowing a substrate processing apparatus according to an embodiment cf the invention; 

Fig. 2 is as . • j a processing vessel referred to in the embodiment of the invention; 

Fig. 3 is a side view showing the processing vessel of Fig. 2 when viewed from the opposite side; 

Fig. 4 is a plane phantom view of the processing vessel referred to in the embodiment of the invention when viewed 

from an upper portion of the fid thereof; 
30 Fig. 5 is a sida view of the lid Illustrated in Fig. 4; 

Fig. 6 is a view showing a timing chart of a series of processing steps; 

Fig. 7 shows a cieantng and drying process, Fig. ?(a) is a sectional view illustrating the cleaning process, Fig. 7(b) 
is a sections ocess 2, and 

F'g 7(d) is a m ' ' ss 3 

35 Fig. S is a sectional c w ^ i d 1 j \ showing -fie t 1 1 i t- i j between to PA vapor and a substrate in the r \ ir j 

process; 

Fig. 9 is a sectional view schematically showing the retatie b w ' ' V > >- 1 ate in the drying 
process as illustrated in Fig. 8 * t -^en gas is used; 

Fig. 10 is a sectional view showing the conventional substrate: processing apparatus; and 
* J Fig. 1 1 is a sectional View schema; ? showing the relationship beiwee i tt A\ ipe; and a substrate in the 

drying promo oftht s jos f n - i strated in F Ig 10. 

BEST MODE FOR CARRYING OUT THE INVENTION 

*s [Q041] A preferred embodiment of the invention will be described hereafter with reference to the drawings. However, 
trw substras f j method and substrate j oces ing apparatus eft red to in the embodiment are m< ety used 

as examj r r tea n and mended to limit the a Hty of the 

e scope of claims. 

[0042] Referring to Fig. 1, a substrate processing apparatus 10 -s an ape 

wafer W which rep mpte of a substrate. The term "processing* shait include 1 *s of etching the 

wafer W with chemicals, performing hydrofluoric add treatment to me surface cf the wafer w. rinsing the wafer W, and 

i > ' < , i i r r W irg > l > \ 

i usty performed rte proct , 1 

[0043] As ehOWh in Figs. 2 to 5, the processing vessel 15 is placed in a housing chamber- ft having sufficient capacity 
ss with which to accommodate the processing vessel 1 5 and 
t on ng device in the 

roc sing vesss nd waft : i hanism. The processing vessel 15 comprises J at uter 

vessel 25, and a ltd* 30. The inner vessel 20 is formed in a bottomed box shape, and the uooet c. . t < si y se>posed. 
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The outer vessel 25 surrounds the upper outer periphery of the inner vessel 20 and the opening of I he inner vessel 20 
is covered with the iid 30. Trte inner vessel 20 and outer vessel 25, which are made of material which is eorrosfon- 
'eacidand!PA,e.g. ; p /v 

In a sink 29. 

& [0044] The inner v ^s th to allow si strat A mA>-$W 

{e.g., about 50 wafers W) having a o c ^ as 300 mm in tne c c t e nq held by a 

substrate hoiaer 62 (see Fig. 3). A processing solution drain unit 2" and a processing solution supply unit 22 are provided 
on tne bottom portion of the inner vessel 20. In ;he substrate holder 62. the piurai waters VV are vertically held in parallel 
by a cassette guide (for axa> -—es rhe substrate holder 62 is col plea to s 60, which 

royided with a lifting means t substrate hold t j, > srticallj 

moving the substrate holder $2 with the lifting means 61. In Fig. 2, r he dry -pt^u as Cry 

Position" while the rinsing process position is indicated as "Rinse Position " An air cylinder mechanism may serve as 
the lifting means 61 , 

[0045] As shown in Fit I pie wafers are taken >u ittis^i 1 ]-.! ^t^tnere^b, i igmecb nism 

n> 50. The moving mechanism 50 includes piurai holding pawls 50, and 50 f , coupled to a robot mechanism (not shown), 
and th< wafers are held i o As 50 1 end 50 ? . As shown i Fig 2, 

the processing jtion brain unit b equipped with at if , in; nd an cutlet 31 .> havinc 

large diameter. The outlet 21 2 functions as a draining mechanism which rapidly discharges the processing solution in 
the processing vessel. The cutlet 21 , having a small diameter drains the processing solution that has accumulated In 
so the bottom portion of the inner vessel 20 and Inside the piping. The outer vessel 25, which is provided with an outlet 25, 
atthelow< I 'unctions as an overflow receptacle for tr ; p n the upper 

portion of the inner vessel 20. 

[0046] As shown in fig. 5, the lid 30 includes a box-shaped container 31 , the lower portion of which is exposed white 
t » uppet portion t ' v . J wal oil-acted fen q oi f. of a ik s v\ c v fx noosed in the box- 

as shaped container31,"?"he box-shaped container31 is made of materia which is corrosioi resists ttoti e organic solvent 
such as hydrofluoric acid one IPA. The lid 30 can be moved horizontally byn . | m« s 5! s - F g 3 S he opening 
of the inner vessel 20 can be closed and opened through the moving means 56, which causes the iid 30 to move 
horizontally on the upper portion of the inner vessel 20 as shown in Fig. 2. In other words, the moving means 55 vertically 
lifts the lid 30 located on the inner vessel 20 for a predetermined distance, horizontally moves the lid 30, and then 
so vertically lifts the lid 30 again to hold it in standby position. The lid 30 moves when the group of wafers W is conveyed 
Into the inner vessel 20 or when they are taken out of the inner vessel 20 after processing. 

t0047| As shown in Fig. 5, a ceiling surface 32 substantially having the shape of an arch is formed in the upper portion 
of the box-shaped container 31. In the ceiling surface 32, plural jet nozzles 33, to 33 7 which Inject the inert gas are 
arrayed in 'our dire - fervais. As shown in Fig. 4, in the piurai jet nozzles 33 1 to 33 7 located 

35 above the outer edge of the group of wafers W, seven columns of jet nozzles 33, to 33 7 are arranged at substantially 
equal intervals, and six rows of jet nozzies 33, to 33 ? are also arranged at su ; e-vais such that the 

42 jet nozzles 33, to 33 75 are arranged in the outer circumference of the upper portion of the group, of wafers W. As 
shown in Fig. 5, the seven columns of jet nozzles 33-t to 33 7 are arranged nth* lac* 32 n such mannerthat 

they are nearly equidistant from the outer circumference of the group cf wafers. Since the wafer W is substantially disk- 

«o shaped, such distances can easily be made uniform by designing the ceiling surface 32 to have the shape of an arch, 
it is preferab \ - ;f the ceiling surface be compatible with the shape of the wafer W to achieve substantial 
equality of such distances. 

[0043] As shown in Fig. 5, a gas supply pipe 34> is connected to the jet nozzle 33, and the gas supply pipe 34 2 
branches into branch pipes 34 21 end 34.,.,. The same number of let nozzles 33 or the substantially same number of jet 

*> no-sfe^o -cine edtoeaeho he branch pipe i and 34 n such ma asca tantiaiiy evenly 

distributed among the jet nozzles. A jet nozzle in which the injection gas is diffused at a p t gtt is recced 

to as the jet nozzle 33. It is prefs « he n the jet nozzle 33 inje s the gas to the outer circumference of the group 
of wafers W\ the let nozzle 33 should be arranged in seen manner that rhe injection gas coming from adjacent jet nozzles, 
e.g., tne gas at - and the gas emitted from the jet nozzle 33-j overlap each other in the outer 

so Licoo^' ht 0 t nozzle 33 are arrays t j sur w oh allows 

the gas to be substantially evenly supplied to the group of wafers W. 

£0049] ~ i- je t e 33 is: os - on ana pr Jed h a hole on the saperecs leading end rt crc > 

from wfiich the dry gas is ejected. Each jet nozzle 33 is equipped with a healer (not shown) Detailed description oi the 
jet nozzie will be or* 31 i sly Mown. Further, the gas supply pipe 34 z and the branch pipes 34.,, and 

ss 34, t one ffrom the pipe s s. ped with heaters <*w* shown) on the respective outer wall surfaces thereof. 
For example a belt i and the heaters are connected to a control processing unit (CPU) 1 2 which controls 

the heaters. 

[00503 As shown its Figs. 2, 3, and 5, an intermediate connecting member 26 and a porous i i ig mechanism 
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27 are arranged between the inner vessel 20 and outer vessel 25 and the lid 30. The intermediate connecting member 
£6 has a cyiind i\ op< s the same as thai > f 30, and is made of me 
which is cg . i t f o he orgsnc solvent such as hydrofk one i i-H PA. The intermediate connecting 
member- 28 is arranged above the po-c u \ nachanism 27 and e : 

so as to abut the upper surface of a frame body 27, m which a porous p c i 

tted in trie lov j3 ! the box Tainer 2 he a J a ting t er ma* 

be omitted by directly fitting the lid 30 in the frame body 27 t . 

[0081] Fhe porous pis I 5 ptete in which several small holes are made on the surface thereof T he 

fiat plate is inserted between the inner vessel 20 and outer vessel 25 and the intermediate connecting member 26 during 
the process oi drying the group of wafers W after the predetermined processes are finished. The porous piste 28, which 
is likewise made of material which is corrosion -resistant to the organic solvent such as hydrofluoric acid and IPA, is 
housed in th I T a e 28 is coupled o a n { horizontal! 

moved in a sliding manner as shown in Fig. 2, The frame body 27, housing the porous piate 28 has a predetermined 
longitudinal width (in the vertical direction), and a gap 2?., is formed between the frame body 27, and the porous plate 

28 when the porous plate 28 is housed in the frame body 27,. 

[0052] The jap 2 r <a i }s about 2 mm. In !h iryin jrooes >t i ir t into fit sink 

29. Therefore since the gap 27 i imed S?«twee is inr vess 0 and th« 30 (g xpressed by "x 

Fig. ?), a half-closed state is formed between the inner vessel 20 and toe lid so by the gap x. i.e., the half-closed state 
is formed between the drying processing unit and the rinsing processing unit and the sink 29. The porous plate 28 is 
inserted between the inner and outer vessels 20 and 25 and the intermediate connecting member 26 to partition the 
inner vessel f • t • i JO In other words, the porous plats 28 functions as a shutter which separates fhe rinsing 
processing unit from ti c < > c ssing unit 

[0053] Hereafter, piping connection between the processing vessel -5 and its accessories wilt be described with 
reference to Fig. f . A processing solution introducing pipe 22, is connected to the proc 

provided in the bottom portion of the inner vessel 20 and is a;s f pure v> > 38 through a 

flow control valve and a pump. The processing sc itior nfroduc ng p pe ??, to ; or no! r d tt e p tmp 

serves as the processing solution supply system, which also incfudes the rinsing solution supply means. A chemical 
supply source 38 is also connected to the processing solution introducing pipe 22, through the flow control valve. The 
chemical supply source 39 incfudes chemical preparation means (not shown) for preparing the desired chemicals of 
predetermined concentration at a certain temperature. Depending on the purpos= F p : e f <amp!< sing 
etching or oxidation), for example, the chemicafs are selected from among hydrofluoric acid, hydrochloric acid, hydrogen 
peroxide, sulfuric acid, ozone water, ammonia water, surfactant, amine organic solvent, fluorine organic solvent, and 
delonized water. The appropriate solution In which the above chemicals should be mixed is used as needed. 
[0054] A show i m 2, the praces 1 i, » s at 1 pr fed i the bottom portion of the inner vessel 20 

includes an outlet 21 , of small diameter and an outlet 21 of large diameter. The outlets 21 . and 2 m am connected to 
the inner vessel drain pipes 23, and 23 ? , respectively. The drain pipe 23, is connected to a drain processing facility 40 
through an on-off valve, the pump, and the flow control valve. Similarly, the drain pipe 23 2 is connected to an exhaust 
processing facility 41 through the on-off valve, the pump, and the flow control valve. The sink 23 is also connected to 
an exhaus p y 41,. A drain pip c i onnected to the lower portion of fhe outer vessel 25, and the 

drain pipe 23,. 

[0055J Further, a vapor supply mechanism 37, which ts intended to accumulate the organic solvent such as isopropy! 
alcohol (IPA) solvent, is provided near the processing vessel 15. The organic solvent such as the IPA solvent easily 
mixes with the water remaining on and adhering to the sudace of the wafer w, while having extremely little surface 
tension. The vapor supply mechanism 3? is provided with a vapor generation unit 37 , wh 

vaporises the organic solvent and generates mists by bubbling the men gas -n the organic solvent The vapor generation 
unit 37, is dipped in hot water in a heating vessel 37 2 , and the organic solvent Is heated a! predetermined temperature. 
The vapor generation unit 37., and the organic solvent supply source 36 are connected tc each other with piping 36., 
and IPA Is supplied to the vapor generation unit 37,. Besides IPA, the organic solvent must be selected from the group 
including or en 1 iet ox ^ 

and tetrahydrofuran. 

[0056J, A second inert gas supply source 35 is connected to fhe vapor generation unit 37, through piping 35, and 
r portion of tt apor lene atior r J j rap ill 
A j in fhe vapc gene ion unit 37 whi if m the IPA apor trie rdlng the IPA gas 

and mist. Piping 37,. ? derived from the vapor generation unit 37, is coupled to a gas supply pipe 34 ; , through a static 
mixer M. and the mixed gas of the carrier gas N 2 and the !PA vapor is supplied to the jet nozzle 33 from the vapor 
- m are respectively provided on tne oute « •<'-,> 
and 34a. and the tet ro ^d by the CPU 12 \* 1 I in ordf 

to homogenize the mixed gas by accelerating the egree of mixture of the mlxe is h and 
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the I PA vapor. 

[0057] A*! spiles inert gas such as nitrogen gs r - o the piping 

34 t is also controlled to a predetermined degree by the beii heater. The nitrogen 
gas N a does not merely si mixture of inert gas and the ganic : em vapor from the vapor generation unit 37 % , 
& bus is also useful for the purgi i r r 5 n tno processing vessel 1 5. Sec . > 1 1 ,ni heiiurr are 

likewise appropriate for use as the inert gas. 

[0058] He i out by he substrale prtx e scribed with 

reference fo Figss. 6 and 7. Referring to Rgs. 1 and 6. Fret, the lid 30 of the processing vessel 1 5 is opened, and multiple 
wafers W are accommodated in the inner vessel 20. which is supplied at this . » f th< ©si; I chemicals eg 
»o hydrofluoric ac=d (HF) from the chemical supply source 39 through the processing solution introducing pipe 22 1 and the 
processing solution - pel, unit 22. a are thers stored Ir *hc inner vessel 2 c cftngij 

substrate processing (for example, etching, hydrofluoric acid treatment, and rinsing? is performed to the wafers W by 
dipping them In the processing solution. 

[0059] Iponthe nf siproce sirj as show n Fig t plied to the 

inner vessel 20 from the pure water supply source 38 through the processing solution Introducing pipe 22, and the 
processing )iui!on suppo »\ wing from the upper p i The ov wing pur 

w iter OtWfl l s "lit irain pipe 25, through ttie drain pipe. The } wat 

is supplied for a relatively long period of time to wash out the chemicafs HF which have remained in the inner vessel 20. 
[0060] After the rinsing process, in one particular drying process 1 illustrated :n Fig. 7(b). the continuous supply of 
pure water OIW is terminated, and the group of wafers W is sfowsy raised from the tone <. sss low up speed.) while 
being supplied with a small amount of pure water (DIW water-saving). The small amount of (PA vapor can also be 
simultaneously supplied into the processing vessel 1 5 while the group of wafers W is being raised, 
[0061} Then, In another drying process 2 Illustrated in Fig. 7<c), a drain mechanism valve of the cutlet 21 2 lying at the 
bottom portion of the proc » s 

is is inserted between the inner vessel 20 and outer vessel 25 and trie intermediate connecting mem»er26 by causing the 
porouspiale2Stohorizontallyrnoveirtlothefrsmebody27 1 .Fu!ther,triehotdrygaaicn H i i i ixture of nitrogen 
gas N-j and the I PA vapor is supplied to the inner vessel 20. These operations are performed as shown in the chart. 
[0062] ' ted in the piping 34 ? and the nozzle 33. in the drying process 2, the organic solvent vapor 

in the processing vessel 15 comes into contact with the surface of each wafer W, and the IP A mist is condensed onto 

ao the surface of the wafer W to form a film of IPA. When the organic solvent film is formed on the surface of the wafer W, 
IPA Is substituted for the pure water adhering to the wafer W. Therefore, the degree of surface tension of the pure water 
decreases to allow it to flow down from or evacuate the surface of the wafer W, and IPA adhering so the bstr ihace 
is evaporated. 

[0083] In another drying process 3 ill us! rated in Fig. 7(d), the nitrogen gas hi ? is supplied in orderto dry the substituted 
35 t r A if sW is c of th (• se 15 when the drying process 3 ends, 

[0064] In the above processes, pressure in the fid 30 (the dry « that of the sink 

and the evacuating station for the sink, and pressure in the lid 30 is also set higher than that of the inner vessel 20 
(rinsing processing unit) and pressure of the evacuah ,c sta : if rthe inner vessel 20 Therefore toe nature of the f tow 
of the fry g irv n f ' c it j and the dry gas i -noothf) vn unfed from the 

*> exhaust pipe to the outside of the vessel. During this process, the dry gas & , « - waters ftater 

■k k no! form on the substrate surface, and f i removed, end parlides « 

be prevented from adhering to the substrate surface. Further, the e a Jl - f I c can be avoided because the 
dry gas does not circulate at all in the processing vessel 

[0065] At this point, the CPU 12 controls the heaters such that the relationship among the temperatures T,, J 2 ', T 4 , 
*> 1 and 1 t eiiai r tisfie the following k tionshi 



Ti <T2*<T4 <T 2 "<T3 (1) 



where, 

1 ' e i , , s T 

toe temperatur ' 7 n is 1 

the tempera ig34jisT 4> 
ss the temperature in the piping 34 2 is T 2 », and 
the temperature in the jet nozzle is T :5 

[0066] Thus, the temperatures T t< T 2 \ T 4 , T 2 ", and T 3 at respective positions are set so as to satisfy the above 
xprs 1 . i the IPA mist emitted from the Jet nozzle 33 to have an extremely small 
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particle diameter, or specially, extremely fine mist which cannot be observed in relation to the Tyndail phenomenon, 
i.e., mist hav i other words, the mfst can n menoi if it 

i i i zron size but cannot be seen in relation to the Tyndal! f en - Tenttiemst 

comprises partices. ot s bi tare size, thereby requiring the use of a particuiar measuring device, in the embodiment 
& ofthepres * no ion In r tfc rmed 

constitutes part'd . ze However, it has been noted that the mist ot sufc 'Dt compeieiy 

formed in the gas, but exists in the liquid state. The temperature in the jet nozzle or T, ; is controlled so as not to exceed 
the boiling point (82.4 °C) of IPA to prevent the fPA mist from being completely vaporized, 

[0067] The number of particles of the organic sotvent mist can be increase: - nt of organic 

70 solvent to be con t j tha i apor is of submicron size Further, 

although the surface area vt uc.ed the hole surface eawhi i thesummat m>fthe surae* 

areas of rhe parti< iia m ts prop rt sate y I tereases it relation r the incre see in the number of mists. As a result, 
because the organic solvent vapor can be injected to the substrate while a specific, surface area thereof is increased, 
the level of substitution efficiency of the organic solvent for the rinsing solution is improved 
's [0063] II is pre e ature referred to in expressk kept cons >r gradually increased hat 

s, the mixed gas formed t of th« \ the !PA vaf c a j PA mist and the ;PA ga whose 

< nirai s lower ft if it bling the inert gas in the IPA in the va erteraf 

unit 37.,. The temperature of the mixed gas is kept constant or gradually increased until it is emitted from the jet nozzle, 
so that the condensation of organic sotvent vapor in the piping and the jet nozzle is eliminated and as a result, the 
a» diameter of the organic solvent mist does not grow in the mixed gas f irhe PAiscradn i » * omthesurace 

of the IPA mist to decrease the pariicie diameter of the J PA mist while the IPA moves from the piping and the nozzle, 
thereby allowing dty gas containing IPA mists of submicron size to be easily obtained. 

[0069] Further, the mixed gas formed in the vaf < ~ 1 3 K c o ct t c m t - t , i c dine t to iPA vapor 

containing IPA mists and the IPA gas whose concentration is lower than the point of satot atsoi is d with inert gas 

ss separately supplied from the piping 34, icrefore since the cot i t xedo s dry 

gas containing iPA mists of submicron size can be supplied to the processing vessel IS alon irge amount of 

inertgas while IPA vaporization from tne f * m - accelerated nthisca f 3 the newly sue nitrogen gas 
NgWith PA*. . i < f ef arable that a mixer Mis provide n the mid tc stir h« n troge s 

gas N ? and the IPA vapor, A static mixer is suitable as mixer M, 

so [007QJ Thus, when numerous IPA mists ot - n the dry gas, such mists can rapidly invade 

the spaces between substrates even if many substrates having a large diameter are loaded In the processing vessel 
15, and the rapid supply of continuously targe amounts of organic solvent vapor of submicron size to replace the rinsing 
t tfe^ubMrete s assured. A I ate f easing time can be t { wh f *te of 

dryi ij pi 1 > i s a < 9 ; f t e ct 1 ic n easing t 

35 be achieved. At the same time the at cunt of rly iu eased while the generation 

of watermarks can be extremely reduced or substa e article adh< 

is eliminated and the < s accelerated so that re-adhesion o" pa evented 

[0071] In the above mode, the inert gas for dilution ts supp piping 34, Too inert gas for dilution is not 

ai ways required in order to obtain I PA mists of submicron size. Inthis case, temperature 1 ot ' >lsin n ay be performed 

*5 so as to satisfy the expression (i }, while the temperatures of the piping pieces 37. J: . 34.,, 34 ?1 , and 34™ which connect 
the vapor jenerati n mi 3 , am the n e 33 d er from n m he Alte > > ng 7 

Mg, , and 34^ are kept atthe same temperature T 2 , aodtemperatu re may be contro < 3 allowing eolations! 

holds: 



Ti<T 2 <T 3 . 



[0072] The temperature T., in the piping and the jet nozzle Is set equal to or higher man the temperature T. of the 
*» organic solvent and - he temperature T ? of the inert gassupplted iothevaporgenerasing unit, in this manner, condensation 
of Bit game sol * r in fh ping and the jet nozzle does not occur, s hat the diameter the rganie solvent 
mist in the dry gas dees not grow, in addition, pari of the organic solvent is further vaporized from tne surface of tha 
organic: solvent rnisf before the organic solver;! is emitted from She nozzle, which allows the sice of the 'Organic solvent 
mist in the s t micron Forth ret veto esit vapor is not condensed in the piping and 

55 the jet nozzle, there is no fear thai I PA droplets will fall from the nozzle. 

[0073] in the embodiment of the 'mvenlion, ft Is preferable that the components of the sub 1 t esslng apparatus 
are configured as follows, In order to prevent the increase in diameter 0: t^e or 

thereof due to the collision of organic solvent mists witti each other and the ooiiision of the organic solvent mists with 
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the waits of the apparatus. That is, the top portion of the bubbling tank of the vapor generating unit should have a cornea! 
or circular arc shape. In addition, the number of step differences in the dry gas supply piping has seen decreased, and 
apertures are formed such that the size thereof is not remad - > ^ that J prior art. Furt > ' < i 

no22te in the vapor generating unit should have a smali diameter and quick Injection speed. 

••> [0074] Finally, th j r % the !PA mist is made to substitute for the rinsing soil i ' s to the substrate 
by using at y aas conf or size wiii be describee Ftgs 8 and 9 are sf 

' '-"* ' • - '. ' etwe< ><» PA vapor and the substrate during the drying processing. Fie. 8 illustrates the 

case where the dry gas Jiiuted wim inert gas white containing I PA mists ot submicron size, while Fig. 9 shows the 
case in which the dryg t gas while containing IPA mists of submicron size. Figs. 8(a) and: 8(b) and 

" 7 Figs j(h>~ J 9(b) corresi •»< n< es f 'drying 2" shown in Fig. 6, white Pigs. 8(c) and Fig. 9(c) correspond to 
the process of "drying 3" shown in Fig. 6. 

[0075] As shown in Fig, 8(a), when the dry gas containing the mixture of PA mists (iiqoid) of submicron size and the 
tit n gas t is) is deliver* * s . 1 s so laces yean the waters W. iPA 

is submit tedfr i ' ering to the wafer W by the supply of dry gas as shown in Fig. 8(b) Since the IPA mist comprises 
fine panicles and many SPA mists ate supplied, various IPA particles adhere to one OIW, and the i PA mist is therefore 
efficiently sal I t n in Fig 8(c) FA iev tpc \ » ' fheproce sin 3 

vessel 15. in this case, in the process of -drying 2* ft- j J8{t r • nfiyp form 

the carrier effect due to the small amount of nitrogen gas H ? . supplied and good drying effect is obtained only to some 
degree by using iPA mists of submicron size, Stiii, however, on occasion water marks are generated by residual D1W 

so in the process of drying wafers with a large diameter. 

[0078] in the case where the dry gas containing iPA mists of submicron si2e is further diluted with inert gas, the IPA 
vapor concentrst n le dry gas > 3ic t j jc the t t A t I substrate. 

Therefore, as shown n Fig. 9, the IPA mists of submicron size can be continuously and evenly supplied even to the 
deeper portions of the wafers W due to the large amounts of carrier gas. Since the dry gas containing targe amounts of 

as earner gas < ds h pa mists of submicron size to adf eff t ' JiW by the IPA 

mists takes place. Accordingly, the invention may also be used for drying wafers having a large diameter, since the level 
of drying processing efficiency has been increased, white reducing processing time because processing speed is ac- 
celerated. Further, as shown in Fig. 9(c}, DiWcan substantially b« eliminated from the surface of the wafer W, such that 
the generation ot water marks can be completely eliminated. A detailed description of Fig, 9 has been omitted since It 

so differs from the case shown in Fig. 8 only in that new nitrogen gas is mixed. 



Claims 

as 1. A substrate processing method in which She surface of s substrate is (fried by injecting It with dry gas consisting of 
a mixture of an organic solvent vapor and an inert gas, characterized in that v*e i contains 

mists of submicron sise. 

2. A substrate processing method according to claim 1, characterized in that the dry gas consists of a mixture of 
«f inert < s at i : organic solvent vapor, being formed by bubbling the inert gas in the organic solvent in a vapor 

generating unit, 

wherein the temperature of the vapor generating unif is set atT,, the temperature of the mixed gas containing the 
inert gas and the organic solvent Is set at T a from the vapor generating unit to a jet nozzle, and the temperature of 
the dry gas emitted from the jet nozzie is set at T s , and 
*> the temperatures are controlled such that the following relationship hoidst 



Ti<T 2 <T 3 . 



3. Asubstt . i a to teim 1 , characterized in that the dry ga i • a mixture of 

inert gas and ihe organic solvent vapor is formed by bubbling, the inert gas lathe organic solvent in a vapor generating 
unit, and ; s further diluted wilts dilution gas of the same kind of inert gas, 

wherein the temperature of the vac: \ neraf r mitissei - hete spera nt - hemixec . tatrt frcn 
the vapor generating unit until the mixed gas Is diluted with the dilution gas, the temperature of the dilution gas is 
set at T 4 , the temperature of the mixed gas containing the inert gas and th< rga solvent is set at T ;? " to the jet 
nozzle after the mixed gas is diluted with the dilution gas, and the ttureofi Jrygt tied from the Jet 

nozzle is set at T 3> and 
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the tempera! - - w ag relationship holds; 



Ti<T2 ? <T 4 <T 2 ,> <T3. 

A substrate processing method according to arty one of claims 1 to 3, characterized in that the organic solvent is 
at least one kit ^ng tsopropyi alcohol, dtacetone alcohol, i -methcxy-2-proparaH> ethyl 

glycol, 1 -propand, 2- propanol, and tetrahydrofuran, and the inert gas is a! least one kind selected from a group 
including ^ 1r td ha urn. 

A substrata pr - _ _ ^ atus nciuding: 

Si vapor generating unit which genomics a mixture of organic solvent vapor and an inert gas by bubbling the 
inert gas in an organic sofvent; 

ipport meg >' of substrates to be v< t t equal pitches 

a ri,-, s ; processing \ e | vv ;-,j ( , rl jr , , l lf v( bstt r j by tries port means 

a lid for covering the upper opening of the rinsing processing vessel; 
jet nozzles which are provided in the ltd; and 

i t a tows the vapor generating una and the jet nozzles to communicate with each other, 
the substrate processing apparatus characterized in that the first piping and the ,ie; nozzles are respectively 
equipped with heaters, and the heaters are contrasted by means of dry ga ; contaii ng - gar i - si fveni mists ot 
sub-micron size being emitted from the Jet nozzles. 

Asubstreite processing apparatus according to claims, characterized in that :f 1 ", m ftt ap rgeru itir 
unit is set at T„ the temperature of the first piping is set at Tj>, and the temperature of the jet nozzle is sat at T a , and 
the temperatures are controlled such that the foiiowi <- ip iclds 



Ti<Ta<Ts. 



. - « according to claim 5, characterized in that the second piping is further included 
by being connected to the middle of the first piping for tha purpose of su \ , s >s the same kind of inert 
gas, 

vherein the temperot jene t ng rtatT from 

the vapor generating unit to the point in which it is connected with the second piping, the temperature of the second 
piping is set at T 4 , the temperature of the first piping is set at T 2 " from the point in which it is connected with the 
second piping to the said nozzle, and the temperature of the jet nozzle is set at T a > and 
it the following relationship holds: 



Ti<T/<T4<T3"<T3. 



A substrate proc sir ara ding to claim 7, characterized in that a static mlxe is provided downstream 

Iran the point ot connection between the first: piping and the second piping and upstream in rasped of -he let nozzle. 

Am strata pro ing appa rdsngto any o > j o claims S c characterized in that the organic solvent 

is at least one kind selected from a group including isopropyi alcohol, dfacetone aicohci, i -methoxy-2-propsno!, 
ethyl glycol, 1-propanoi, 2- propanol, and tetrahydrofuran, and the inert gas is at least one kind selected from: a 
group- irsciiKiing nitrogen, argon, and helium 
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FIG. 1 
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FIG. 8 
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FIG. 10 
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